Introduction
Risk factors have been identified for acute respiratory illness according to the following groups: demographic (gender and age), nutritional (low birth weight, malnutrition, inadequate breastfeeding, and vitamin and micronutrient deficiencies), and environmental (seasonality, crowding, air pollution, household pollution, and smoking), in addition to socioeconomic status, family history of respiratory illness, and prior illness 1 .
Acute respiratory infections are the main cause of utilization of health services by children under five in poor countries 2 . In terms of casefatality this represents 4 million deaths per year 3 . In Latin America, respiratory infections kill more than 80 thousand children per year, with 40% of these deaths occurring in Brazil 4 . In the State of Rio Grande do Sul, Brazil, respiratory infections account for one-fourth of all deaths in children under five 5 .
In the extreme South of Brazil, where this study was performed, acute respiratory infections account for half of the medical consultations and hospitalizations in children under five years 6 .
This study aimed to measure the prevalence and identify the principal risk factors associated with acute lower respiratory illness in children under five years of age in the city of Rio Grande, Rio Grande do Sul State, Brazil. 
Material and methods
Rio Grande has a population of some 200 thousand and a local temperature ranging from 0ºC in the winter to 36ºC in the summer. The local economy is based on port, fishing, and petrochemical activities 7 .
This study included children 0 to 59 months of age, residing in the urban area of the municipality, from the months of August to November 1997. In order to achieve 5% precision, 95% confidence level, and a beta error of 0.2, information was needed on 771 children, according to the Epi Info statistical package, version 6.02 (Centers for Disease Control and Prevention, Atlanta, USA). An additional 10% was added to this figure to compensate for possible losses, plus 15% to control for confounding 8 .
A systematic cluster sample was used. This sample was based on the census tracts of the Brazilian Institute of Geography and Statistics, or National Census Bureau (IBGE; http://www.ibge. gov.br). A census tract includes a set of 200 to 300 households previously demarcated by the IBGE. The choice was made to work with one third of the urban census tracts, totaling 66 tracts (198/3). IBGE data estimated one child for every four households. Thus, to reach the desired sample size, it would be necessary to visit 47 households per tract (47 x 0.25 x 66 = 775).
The first census tract was selected at random and the others by adding three to the previous one. Next, each block in these tracts was numbered, after which the block was picked. The corners were numbered by picking one corner, which was used as the starting point for visiting 47 consecutive households, always moving clockwise. When there were not enough households, the researchers moved on to the next block until reaching the desired number.
Fourteen medical and nursing and obstetrics undergraduate volunteers from the Federal University in Rio Grande were trained to apply standardized questionnaires to the mothers or guardians and weigh and measure the height or length of under-five children. Two types of questionnaires were used, one on the characteristics of the mothers and families and the other on the child. The questionnaires aimed at maternal demographic and reproductive information, sanitation and housing, socioeconomic status, use of health services, personal history of respiratory illnesses and wheezing, median breastfeeding duration, length or height, birth weight and current weight, and family history of respiratory illness.
To evaluate the intensity of association between sanitation and housing conditions and the target outcome, a score from 0 to 10 was created. A higher score indicated worse sanitation and housing conditions. The first step in creating the score was to dichotomize the variables representing the housing conditions in categories, "adequate" and "inadequate", according to data from the literature, followed by testing them for the outcome (acute lower respiratory illness). The category "adequate" was assigned a value of zero (corresponding to 0 points), while "inadequate" was assigned a value of one (corresponding to 1 point). The following were added to the housing conditions: crowding (persons/bedroom) and maternal smoking, also dichotomized in two categories (adequate and inadequate). Ten items thus comprised the "environmental score" variable. This new variable was tested in a parallel analysis model, replacing housing conditions, crowding, and smoking.
Acute lower respiratory illness was defined as a report of cough or respiratory difficulty (rapid or difficult breathing) with or without subcostal and/or intercostal retractions and requiring medical treatment in the previous seven days. For children under 12 months of age, the definition also included the presence of non-recurrent wheezing in the previous seven days 9, 10, 11 .
Epi Info version 6.02 was used for the data entry, comparison of keying-in, and consistency analysis. SPSS version 8.0 (SPSS Inc., Chicago, USA) was used for the bivariate and multivariate analyses.
The analytical plan included the following stages: (1) obtaining a list of frequencies of all the variables (outcome, risk factors, and confounders) and examination of their distributions -when possible, the central trend (mean, median, and mode) and dispersal trends (range and standard deviation) were verified; (2) recoding, when necessary, with definition of the cutoff points for risk factors and confounding; (3) cross-analysis of independent variables with the outcome (acute lower respiratory illness). The magnitude of associations was estimated using the prevalence ratio (prevalence of exposed divided by prevalence of unexposed individuals) and 95% confidence interval (95%CI). Calculation of the statistical significance of associations used the Pearson chi-squared test (c 2 ), with Yates correction for variables with only two categories. For variables with more than two categories and logical ordering, the linear trend in proportions test was used; (4) possible associations were tested between variables that could confound the outcome with the risk factors; (5) finally, a multivariate analysis was performed, simultaneously controlling various risk and/or confounding factors, through the unconditional logistic regression method for obtaining prevalence ratios, and application of the goodness-of-fit test for obtaining statistical significance 12 . This analysis took into consideration a hierarchical model in which some variables are over-determinants of others, as proposed by Victora et al. 13 .
The proposed model presupposes that the target outcome varies according to the risk factors, because although some of them are not directly responsible for occurrence of the disease, they enhance the effect of other determinants. Demographic variables like gender, color, and age, although acting on the outcome, are not influenced by the other factors, although they can in principle be determinants of them. Socioeconomic status (SES) influences maternal reproductive characteristics and environmental factors, since it establishes exposure conditions. SES is thus included in the first level of the model's analysis, together with the demographic variables. The second level includes maternal characteristics and environmental factors, which can influence gestational and childbirth conditions. The third level includes prenatal and childbirth care, which can act on the child's birth conditions, growth monitoring, and nutritional status. This level also includes the use of preventive health services like vaccination and nutritional variables (birth weight, breastfeeding, and maternal nutritional status). The fifth level includes family history of respiratory illness, and the most proximal level of analysis includes personal history or prior illness. In this model, acting jointly or alone, these factors are decisive for the development (or lack thereof) of acute lower respiratory illness (Figure 1 ).
Results
We visited a total of 3,185 households in the 66 sampled census tracts, and identified 792 children; of these, 775 were included in the study, 13 were not located, and 4 refused to participate (losses = 2.1%).
There was a slight predominance of children under three years of age and a nearly equal gender distribution. White children comprised 83% of the sample. Half of the families had five or more members, and one third of the households with under-five children had two or more children in this age bracket. Seven percent of the mothers and 4% of the fathers could not read or write. Fifteen percent of the families had a monthly income of up to one hundred U.S. dollars (US$ 100.00) and some 30% of the families had a monthly income of up to two hundred dollars (US$ 200.00) in the month prior to the interview. Just over 70% lived in brick houses, and the rest were either wood or mixed (wood and brick), while 9% of the dwellings were made of tin plate, plastic, and/or cardboard. Virtually all the households had running water, and 90% had adequate sewage disposal. Thirty-seven percent of mothers and 40% of fathers smoked, and 60% of the households had at least one smoker. Sixty-two percent of the children had at least one prior episode of wheezing; of these, 51% had three or more episodes. Half of the children had some type of acute respiratory infection in the trimester prior to the interview; nearly half of them had an infection of the upper airways (acute upper respiratory infection), and 21% had an infection of the lower airways (acute lower respiratory infection). Approximately 10% of all the children had been hospitalized in the 12 months prior to the interview, with pneumonia as the principal cause (60%).
The overall prevalence of acute lower respiratory illness was 23.9% (95%CI: 21.1-26.9). In the bivariate analysis, the following variables were significantly associated with acute lower respiratory illness: maternal schooling, paternal schooling, family income, maternal age, crowding (persons/room and persons/bedroom), maternal smoking, number of smokers in the household, smoking during pregnancy, unfavorable environmental score, mother's history of asthma, number of family members with asthma, history of acute respiratory infection, history of acute lower respiratory infection, hospitalization due to pneumonia, and prior episodes of wheezing. These variables were submitted to multivariate analysis together with those showing a p-value ≤ 0.20. According to this criterion, the following variables were included: child's color, low birth weight, low weight-for-age, confirmed vaccination in infants (< 12 months), confirmed vaccination in children 12-24 months of age, and asthma in siblings. Table 1 shows the variables introduced in the hierarchical model. Risk of acute lower respiratory illness was 65% greater for children of mothers with "lower schooling" as compared to children of mothers with ≥ 9 complete years of schooling. For "paternal schooling", after adjusting for the other variables at this level, there was a reduction in the prevalence ratios and a loss of statistical significance. The variable "family income" maintained an inverse linear relationship with respiratory illness: the higher the income, the lower the occurrence of acute lower respiratory illness, although the categorical goodnessof-fit test was not statistically significant. At the second level, "maternal age" and environmental variables were analyzed, showing a protective effect for children of mothers older than 30 at the time of the child's birth. Both "number of persons per bedroom" and "maternal smoking" were significantly associated with acute lower respiratory illness. "Maternal smoking" also showed a doseresponse effect.
The "environmental score" was introduced at the second level, together with "maternal age". Figure 2 shows the results of the analysis for the "environmental score" variable, both crude and adjusted for socioeconomic factors and "maternal age". There was a direct association between the score and respiratory illness. Nutritional factors and vaccination status were analyzed at the Figure 1 Summary of logistic analysis for acute lower respiratory illness. fourth level. There was no association between low birth weight and acute lower respiratory illness. However, this variable was maintained in the subsequent analyses since it is highly important in the theoretical investigative model.
For "family history of asthma", after adjusting for socioeconomic variables, "maternal age", environmental variables, and "birth weight", a statistical significance was observed, with a 50% greater risk when there was some family member with asthma. At the most proximal level of analysis, we tested the variables related to personal history of respiratory illness. There was an association between acute respiratory infection in the previous three months and current acute lower respiratory illness, even when adjusted for the other variables related to personal history (at the same level) and the hierarchically superior variables.
Higher reported number of wheezing episodes was associated with greater risk of current acute lower respiratory illness. The risk was twice as great for children with six or more episodes of wheezing as compared to children with two or fewer episodes of wheezing (Figure 3) . Table 2 summarizes the principal risk factors tested in relation to acute lower respiratory illness according to this study's hypotheses, organized in decreasing order of prevalence ratios. The values include controlling for potential confounders. The Table also shows the 95% confidence intervals and risk factor prevalence in unexposed individuals.
Discussion
Prevalence of acute lower respiratory illness was quite high in the study sample. Prior episodes of respiratory infection and wheezing, household crowding, maternal smoking, precarious housing, and low maternal schooling were the main determinants of acute lower respiratory illness.
When discussing these results, it is important to keep in mind that the design adopted here is not the most adequate for measuring causality and that the diagnostic criterion shows high sensitivity and low specificity, which can overestimate occurrence of the disease. In relation to this possible overestimation of cases, it is very unlikely that it could explain or significantly change the high prevalence of acute lower respiratory illness. In addition, it is preferable to prepare health services to treat a case of bronchospasm as acute lower respiratory illness than to leave it as repressed demand. The time transpired between the data collection and publication of the article could be considered an important limitation. However, there was no important change during this period, either in the occurrence of the disease or in the supply of health care and management of acute respiratory illnesses in the municipality of Rio Grande. * Adjusted for all the other variables in the model. Table 2 Summary of risk factors for acute lower respiratory illness in decreasing order of adjusted prevalence ratios. Rio Grande, Rio Grande do Sul State, Brazil, 1997. In relation to the variables included in the analytical model, paternal schooling lost significance when it was adjusted for demographic variables and family income. This occurred because the father's schooling is almost always the principal determinant of family income 1 . Family income maintained only a significant linear trend, and maternal schooling maintained an independent effect even after adjustment, thus reinforcing the idea that maternal schooling is the most important variable in the determination of health conditions and disease in early childhood 14 .
Risk factors Prevalence in unexposed (%) Prevalence ratio 95%CI
As in other studies, maternal age at the time of the child's birth showed an inverse association with acute lower respiratory illness, even when adjusted for socioeconomic and environmental factors, with a protective effect for maternal age of thirty years or more, showing that older mothers tend to care better for their children's health 15, 16, 17 .
Although much of the effect of household crowding was confounded by environmental and socioeconomic variables, it is an important independent risk factor for acute lower respiratory illness (especially the number of persons sharing the children's bedroom) 11, 18, 19 .
Two important aspects were observed with smoking: the high prevalence of smoking in this population and the risk posed by maternal smoking. After controlling for maternal age, other environmental variables, and socioeconomic status, maternal smoking remained statistically significant, thus reinforcing the risk, well documented in the literature, on the impact of passive smoking (especially from mothers) on children's respiratory health 20, 21 .
There was a direct association between the score used to study the environmental variables and acute lower respiratory illness. Comparing the two models constructed for the analysis, the first with the environmental factors and the second with the "environmental score" variable replacing them, we observed no differences between them, even in relation to analysis of levels proximal to the outcome.
As shown in other studies, adverse environmental conditions represent an important risk factor for acute respiratory illnesses in children 11, 22 . No significant association was found between low birth weight and acute lower respiratory illness, although the prevalence of acute lower respiratory illness was 10% higher in low birth weight children as compared to others. An association between low birth weight and severe respiratory illness has been widely described 1, 23 . Contrary to findings in Kenya 24 , India 25 , and other poor countries 26 , our study did not show a significant association between acute lower respiratory illness and nutritional deficit. However, acute lower respiratory illness was much more frequent in children with a moderate to severe deficit in the three indicators (weight-for-age, weight-for-height, and height-for-age). Importantly, based on the calculated indicators, the prevalence of nutritional deficit in this population was quite low, with less than 1.5% prevalence of moderate to severe weight-for-age deficit. Nor was any association observed between breastfeeding duration and acute lower respiratory illness, although this has been demonstrated clearly, specifically for pneumonia 15, 27, 28 . There was an important association between acute lower respiratory illness and previous episodes of acute respiratory infections in general, acute lower respiratory infections, and hospitalization due to pneumonia. The risk of presenting acute lower respiratory illness for children with a previous history of acute lower respiratory infection was twice as great for children with previous episodes of wheezing, and the increase in the risk of acute lower respiratory illness was directly associated with the number of episodes. These findings confirm others already described in the literature as to the presence of previous illness 11, 18, 29, 30 .
The data in this study show that children with a personal history of respiratory diseases constitute a high-risk group. Preventive measures and early interventions should focus on these children as a priority.
There is an evident need to reduce socioeconomic risks like household crowding and childhood malnutrition, as well as environmental risks like maternal smoking, in order to reduce both the number and severity of cases of acute lower respiratory illnesses. The current study thus helps provide a better understanding of the events linked to these diseases at the local level and the basis for establishing specific programs for their control.
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